INTRODUCTION
The load transfer mechanics across the patellofemoral (PF) joint during weight-bearing conditions is important for treatment of the knee pathology, such as knee OA, ACL deficiency as well as TKA. Many studies have characterized the PF joint reaction forces using equilibriums of the quadriceps and ground reaction forces at the knee joint [1, 2, 3] . However, this simplification does not consider other muscle function as well as 3D knee joint contact location when calculate moment arms of the involved forces.
Therefore, a more accurate approach is needed to gain an insight into the articular behavior of the PF joint, and its interaction with the quadriceps and patellar tendon. The goal of this study is to present a method for predicting the in-vivo quadriceps load using PF joint reaction forces obtained through the in-vivo knee joint kinematics and finite element (FE) contact analysis of the PF joint contact during weight-bearing flexion of the knee.
MATERIALS AND METHODS
A healthy subject was recruited in this study after institutional review board approval. The knee underwent magnetic resonance (MR) scan to obtain sagittal plane image slices (1 mm spacing, 512  512 resolution, 180  180 mm 2 field of view). The sagittal images were then segmented within a three-dimensional (3D) modeling software (Rhinoceros, Robert McNeel and Associates, Seattle WA) to create 3D bony and cartilaginous surface models of the femur and patella (Fig.1) . The FE models of the femoral bone, femoral cartilage, patellar bone, and patellar cartilage were generated from these surface models using a FE pre-processor (ABAQUA/CAE, SIMULIA, Providence, RI) (Fig.2) . The cartilage layer was meshed by 8-node hexahedra elements and tied to its corresponding bone surface.
The subject then performed single leg knee bend up to maximum flexion. A bi-planar fluoroscopic imaging system was used to capture the knee motion. The 3D bony models were matched to the fluoroscopic images to reproduce the 3D positions of the femur and patella with the accuracy of 0.1  0.2 mm and 0.1  0.3 deg [4] (Fig.3) . The relative positions of the patella and femur were input into the FE knee joint model as displacement boundary conditions to calculate the in-vivo PF contact forces. Using a nonlinear FE solver (ABAQUS/Explicit 6.9, SIMULIA, Providence, RI), the surface to surface contact which allowed finite sliding with a friction coefficient of 0.02 was defined to analyze the interaction between the patellar and femoral cartilage layers. The cartilage layers were assumed to be isotropic elastic bodies with Young's modulus of 12 MPa and Possion's ratio of 0.45. Linear elastic models for cartilage are considered valid to represent the elastic response of cartilage during weight bearing activities performed in the present study. The bones were assumed to be rigid. To speed up the calculation, the region which was far from the contact location was excluded from the analysis.
After calculation of the PF joint contact forces at selected flexion angles of the knee, the patella was analyzed under the actual PF joint force, quadriceps and patellar tendon forces (Fig. 5) .
RESULTS AND DISCUSSION
The contact location at the patellar articular surface was medial in the PF joint at 50 deg of flexion angle. The peak contact pressure was 5.8 MPa (Fig.4) . The amplitude of contact force was 350 N and the contact area was 170 mm 2 . From the PF joint reaction force vector the quadriceps force vector and the patellar ligament force vector were determined (Fig. 5) .
In this preliminary FE model, we assumed the articular cartilage layer as an isotropic elastic solid. Material characterizations of the cartilage accounting for its anisotropic and time-dependent large deformation behavior would be key factors to improve the fidelity of FE analysis. A probabilistic FE approach is being developed to examine the sensitivity of the PF joint force to the material parameters of articular cartilage in our laboratory. 
